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(57) Abstract: A method is provided for analysing a sample. The method comprises the steps of: i) contacting the sample with 
^ a detector array comprising a plurality of discrete biological sensing elements immobilised onto or within a solid support; wherein 

each discrete biological sensing element comprises a detectable label whose characteristics change detectably when the element 
O binds to a ligand within the sample; ii) measuring the characteristics of the detectable label for each element of the array to produce 

a pattern; and iii) performing data analysis of the pattern; wherein the biological sensing elements are capable of binding more than 
^ one different ligand. 
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BIOSENSOR DETECTOR ARRAY 



Field of the Invention 

5 The present invention relates to detector arrays comprising biological sensing elements with broad spectrum 
ligand specificity. These arrays are useful in methods of analysing complex mixtures of ligands such as 
clinical samples or cell extracts, as well as gaseous or volatile substances of both biological and non- 
biological origin. 

10 Background to the Invention 

The majority of biological detection systems used to date rely on highly specific reactions between detection 
elements such as antibodies and their target ligands. An example of such an approach is an immunoassay 
utilising viral peptides to detect antibodies to the virus in human sera. However such systems have a 
1 5 relatively narrow information content since they are designed to recognise only specific reactions between a 
specific ligand and a specific detection element to generate a positive/negative result. Indeed, great attempts 
have been made to increase the specificity of such systems and reduce non-specific interactions to reduce the 
occurrence of false positive and false negative results. 

20 Thus, these highly specific detection systems are capable of generating only a limited amount of information 
such as the presence or absence of a virus in the sample. To increase the information content of these 
detection systems requires a large number of properly characterised and highly specific detection elements 
since there is almost a direct relationship between the amount of information and the number of elements 
required. Consequently, this approach lacks flexibility and can be expensive if a large number of different 

25 detection elements are required. 

An alternative strategy mentioned in WO-A-97/49989 is to use sensing elements having less broad 
specificities. In particular, lectins are exemplified as a suitable type of relaxed specificity element. Since the 
results obtained from such an analysis are not simple positive/negative determinations. WO-A-97/49989 
30 describes the use of nonlabel detection techniques to generate a pattern that is analysed by comparison with 
reference samples using, for example, neural network analysis. The nonlabel detection techniques described 
in WO-A-97/49989 rely on determining an increase in the mass of the sensing element/ligand complex bound 
to a particular sector on a solid substrate sensor array. These nonlabel detection techniques included surface 
plasmon resonance (SPR), reflectomerry and ellipsometry. although only ellipsometry was exemplified. 

35 

However, nonlabel detection techniques require sophisticated apparatus that are difficult to use. WO-A- 
97/49989 acknowledges that surface mass-based imaging technology was very difficult to use with the 
biological sensing elements and required the development of a highly specialised protocol for immobilising 
the elements onto the solid substrate. In addition, the use of lectins is not entirely satisfactory since they only 
40 bind carbohydrates. 
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Consequently, there is a need for an improved, broad specificity, detection system. 



Summary nf the Invention 

The present invention provides an ,mproved method for anaiysmg complex samples using sensing elements 
Havin^roadspecfictyfordifferentdassesofhgand. 

hiolog.cal sensmg e.ements that have been created by modification of a primary e.emen . T d — 
range(i , overal, bindmg activity) of such an array of groups of related elements is s.gn.f.can* ye— 
compared with the binding activity of the ongina, s.ng, e.emen, Furthermore by contrast 
described systems, largely uncharacterised sensmg Cements may be used, in addit.on, the de ct 
L, que used relies on a detectable labei attached to the sensmg element, for example a fiuorescent label, 
whose physical characteristics change when the sensmg element is bound to a hgand. 

Accordingly the present invention provides a method for analysing a sample which 

(il contacting the sample with a detector array comprising a plurality of discrete b.olog.cal sensmg 
elements; wherein each discrete bio.ogical sensmg e.ement comprises a detectable label whose charactenst.es 
change detectably if the element binds to a ligand within the sample; 

(H) measuring the characteristics of the detectable label for each e.ement of the array to produce a 
pattern; and 

(iii) performing data analysis of the pattern; 

wherein the bio.ogical sensing elements are capable of interacting (typically binding) with more than one 
different ligand. 

Typically, the discrete biological sensing elements are immobilised onto or within a solid support. 

This method is suitable for analysing a sample of a complex mixture of ligand, The term analysing a sample 
of complex ligands has its natural meaning. However, it will be understood that the method may be 
advantageously applied to simple mixtures of ligands, or to samples comprising single spec.es of hgand or 
anv combination thereof. Furthermore, the analysing step of this method will be understood to mclude the 
profiling and/or fingerprinting and/or reference point embodiments as described here.n. 

The sampie usually comprises a complex mtxture of ligands. The sample may be a biological or non- 
biological sample, or mixtures or combinations thereof. 

The detectab.e label is preferably a fiuorescent .abel. The change in the characteristics of the label is 
typically detected by optica, or e.ectnca. means, for example a change in emission intensity, exc.tation or 
em.ssion wave.ength, excited state lifetime and/or polarization. Preferab.y, the detection , v.a opt.ca. 
means. 
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The biological sensing element is preferably a protein, such as a protein selected from bacter.al periplasms 
binding proteins, membrane proteins, enzymatic proteins, odorant binding proteins from mammalian or 
insect olfactory organs and DNA binding proteins. Preferably, the protein is not a lectin or an antibody. 

5 The complex mixture of ligands may comprise volatile and/or non-volatile compounds. Alternatively, the 
ligands may be present in, for example on the surface of, pathogenic organisms such as clinically important 
compounds or viruses. 

Data analysis of the pattern obtained in step (ii) above is preferably performed by comparing the partem 
1 0 obtained with a database of patterns from one or more reference samples. 

According to a broad aspect, the present invention relates to a method for fingerprinting a sample comprising 
determining the activity profile of a sample against two or more different entities wherein said entities have a 
broad specificity binding activity. 

15 

The present invention also provides a fingerprint, wherein said fingerprint is obtained from sa,d method for 
fingerprinting a sample. 

The present invention also encompasses a sample when analysed by said methods of the present invention. 

20 

The present invention also provides a detector array comprising a plurality of discrete biological sensing 
elements (typically these will be immobilised onto or within a solid support) wherein each discrete biological 
sensing element comprises a detectable label whose characteristics change detectably when the element binds 
to a ligand within the sample; and wherein the sensing elements are provided in groups, each group 
25 comprising a biological sensing element and at least one variant of said element, said variant differing from 
the element in its ligand binding specificity and/or affinity. Typically, the specificity and/or affinity of the 
variant does not need to be known whereas the specificity of the element is usually at least partially 
characterised. This is an advantage of the prsent invention. 

30 The biological sensing elements are preferably proteins, such as proteins selected from bacterial periplastic 
binding proteins, membrane proteins, odorant binding proteins from mammalian or insect olfactory organs 
and DNA binding proteins. Preferably, the proteins are not lectins or antibodies. 

The variants in each group in the array are typically obtained by modifying a primary element in the group to 
3 5 alter its binding specificity and/or affinity. For example, the variant may be derived from one of the other 
biological sensing elements by chemical modification. Alternatively, the variant is derived from one of the 
other biological sensing elements by mutagenesis, which may for example, have been carried out by site- 
directed mutagenesis of a ligand binding site and/or replacing a fragment of the biological sensing element 
polypeptide with a different polypeptide fragment. Variants may even be prepared using combinations of 
40 these techniques. 
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The arrays of the present applications have a wide variety of uses in analys.ng samples. In one embodiment, 
the present invention provides the use of an array of the invention in a method of detecting chn.cally 
important compounds in a liquid or substantially gaseous sample. 

mm viHc<! fhe use of an array of the invention in a method of 
In another embodiment, the present invention provides tne use 01 anay u 

detecting volatile compounds in a substantially gaseous sample. 
Detailed Description o f the Invention 

Althounh in general the techniques mentioned herein are well known in the art, reference may be made in 
particular to Sambrook et al. Molecular Cloning, A Laboratory Manual (1989) and Ausubel « al. Short 
Protocols in Molecular Biology (.999) 4* Ed. John Wiley & Sons. Inc. In addition, references relevant to 
general array methodology include Chu et al.. l994:Ekins. 1996; Ek.ns « al, 1990; and Ekins « al.. 1990. 

A. Biological sensing elements 

The term biological sensing element is intended to mean a biological molecule, typically a polypeptide, that 
has the ability to bind to another molecule, termed a ligand, usually in a reversible manner. Thus, for 
example, antibodies are biological sensing elements, as are cell surface receptors. The term "biological" 
refers to the nature of the sensing element and not the nature of the ligands to which it binds, which may be 
either biological, such as pathogen-derived proteins, or non-biological, such as petrochemicals. 

The term "discrete" in relation to the biological sensing elements means that each element is placed on or in 
the detector array such that the spacing between each element allows each individual element to be resolved 
by the detection equipment. 

The sensing elements are typically proteins/polypeptides. Preferably said proteins have broad specificity, 
which is explained in more detail below. 

Preferably sensing elements are proteins/polypeptides which are of small size. Preferably small size means 
less than iOOkDa, preferably less than 70 kDa, more preferably less than 60kDa. In a most preferred 
embodiment, sensing elements are proteins/polypeptides which are 50kDa or less in size. These s.zes may be 
estimated using polvacrvlamide gel electrophoresis, or may be calculated molecular weights. These sizes 
may exclude fluorophores or attached groups, and relate to the size of the polypeptide core of the sensing 
element. 

Preferably the sensing elements are proteins/polypept.des which can be expressed (typically these are readily 
over-expressed) in a suitable host organism, such as a micro-organism, typically E.coli. This is a standard 
procedure well known to those skilled in the art, and is discussed in more detail herein below. Briefly, 
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nucleic acid encoding the polypeptide is cloned into an expression vector and this express.on vector in 
transformed into a host strain of E.coli for protein express.on. Expression is induced, and preferably 
proteins/polypeptides suitable for use as sensing elements of the present invention are highly expressed, and 
preferably readily extracted or purified as discussed in the Examples section. Less preferred are polypeptides 
which form insoluble inclusion bodies on expression, and require more complicated extraction techmques. 

Preferably sensins elements are proteins/polypeptides which do not comprise CYS res.dues, or can tolerate 
the mutagen* removal and/or relocation of said CYS res.dues without destroying their activity and/or 
properties. A CYS residue is typically introduced into the proteins/polypeptides of the present invention for 
fiuorophore attachment to facilitate their use as sensing elements. If a polypeptide naturally posesses a CYS 
residue there is the possibility that this will be suitable for fiuorophore attachment. However, fiuorophore 
attachment mav be better earned out at a site chosen by the person working the invention, for example to 
produce a superior ligand-dependent change in fluorescence, or to place the fiuorophore nearer or farther 
awav from a lisand binding site in order to optimise the behav.our of the sensing element. It is therefore 
preferred that a polypept.de for use as a sensing element in the present invention has no CYS res.due and can 
tolerate one being introduced, or may have any exist.ng CYS res.due(s) removed or relocated, without 
adversely affecting its ligand binding activity. 

Suitable location(s) in protein/polypeptide sensing elements for the introduction of CYS residues for 
fluorescent labelling may be chosen by a person skilled in the art, preferably placing them so that they do not 
interfere with the binding site (if known). Preferably placed on or near residues which move and/or change 
conformation on ligand binding. Preferably placed at a location which will not interfere with 
expression/purification/immobilisation of the polypeptide sensing element. Preferably placed at a location 
whose exposure to solvent is altered (eg increases or decreases) in response to ligand binding. Preferably 
placed in accordance with any other considerations which may vary according to the part.cular needs of the 
person working the invention. In a h.ghly preferred embodiment, each of these considerations is met in 
placement of the CYS res.due for fiuorophore labelling. If sufficient information is not available to make 
meanmgful choices about the placement of the CYS residue(s) a prion, a s.mple tnal-and-error approach 
may be used, making a number of variants and picking the variant with the CYS location resulting in the 
sensor element with the most suitable characteristics as described herein. 

Preferred sensing elements are proteins/polypeptides which may be tagged for purification/immobilisation 
without such tagging adversely affecting the binding activity of the polypeptide. Exemplary tagging systems 
include the 6his tag as is well known in the art and described herein. Preferably polypeptide sensing 
elements according to the present invention may be tagged at the N-terminus, the C-terminus, or even both or 
other location(s) within the polypeptide chain, preferably such tagging does not compromise the binding 
activity of the sensor polypeptide according to the invention. 

Preferred sensing elements of the present invention are proteins/polypeptides which, when labelled with a 
CYS-attached fiuorophore exhibit a ligand-dependent change in fluorescence. A ligand dependent change in 
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fluorescence may be a change in intensity of fluorescence, a change in em.ssion wavelength of fluorescence, 
a change in absorption characteristics of the fluor or any other measurable charactenstic of the fluorescence, 
which characteristic is changed, altered (eg. increased or decreased), modulated or otherw.se affected by 
binding of a ligand. 

Some proteins intrinsically possess broad specificity. Examples of such proteins include olfactory binding 
proteins (GBPs), major urinary proteins (MUP). These and other polypeptides may have their spec.fic.ty 
altered by mutation of the polypeptide, in part.cular of the binding site. Altered may mean broadened (a.so 
termed 'relaxed') specificity or may mean narrowed specificity, or may mean changed specificity >n the sense 
that a different set of ligands may bind to the altered polypeptide, whether or not this new set of hgands » a 
subset, a superset, or a non-overlapping set of Hgands with respect to the l.gand-binding characteristics of the 
unaltered polypept.de. It is a preferred characteristic of the polypept.de sensors of the present invention that 
thev tolerate alterat.ons such as mutations to the, b.nding site(s). as d.scussed under the term -vanants 
herein Bv -tolerate these alterations', it is meant that polypeptides of the invention are preferred .f they can 
be altered and/or mutated as described herein without destroy.ng the activity of the protein, for example by 
causing molding, inso.ubi.ity, or loss of function of one or more of the preferred characteristics as 
discussed herein. 

It will be understood that candidate sensor polypeptides according to the present invention are not restricted 
to comprise full length naturally occurring po.ypept.des. Fragments, truncations, domains (whether smgly 
or in combination) or concatenations of such mo.ecules may be utilised. Futhermore, any of these may be 
altered, mutated or modified to produce variants as described herein, such as variants w,th relaxed 
(broadened) specificity. Artificial polypeptides may be employed, or may be combined w.th naturally 
occurring and/or altered polypeptides as described. In one embodtment, candidate polypeptide molecules 
having a lipocaiin fold may be employed. 

Exemplary polypept.des useful as sensors in the present invent.on include periplasmic binding proteins, 
olfactory binding proteins, membrane proteins. DNA b.nding proteins, maltose binding protems, phosphate 
binding proteins, glucose-galactose binding proteins, arabinose binding proteins, glutamine b.nd.ng protems 
and others. Other molecules may be employed as sensors in the present invention, such as av.d.n. Av.dm .s 
an example of a sensor molecule for use in the present invention which may be used even when randomly 
labelled with fluorophore, whereas the polypept.des discussed herein are typically specifically labelled wtth 
fluorophore through cysteine residues. 

Combinations of polypeptide and non-poiypeptide molecules may be employed as sensors in the present 
invention, such as maltose binding protein complexed with cyclodextrin. This combination >s pan.cularly 
advantageous in the study of non-steroidal anti-inflammatory compounds as ligands. 

Bindin. characteristics of the polypeptide based sensors of the present invention may be investtgated using 
st ligand(s). These may comprise a panel of ligands or may comprise one or a number of 
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candidate mo.ecules bmding a particular polypeptide sensor. In the case of bOBP. an example 

test Hgand is thymol. Other bOBP test iigands include camphor, decane. or any other anaiyte ot interes 

tne case of maltose binding prote.n, suitable Iigands include mahose. cyciodextrin. In the case of a maltose- 

^dextrin combination used as a sensor, suitable Iigands indude non-steroidal —cry 

compounds. 

Exemplary proteins d.scussed herein are particularly suitable senstng elements of the present invention. For 
example olfactory binding proteins intrinsically oosess broad specificity, are of re.attvely small size (ar 

of a fluorophore thereto without destroying the, binding activity, tolerate the addit.on ot suitable t 
purification such as the 6his tag, exhibit ligand-dependent changes in fluorescence, and are ^ab e o 
accommodate mutations to their binding *#) without destroying the above-descnbed propert.es. OBPs 
therefore preferred sensing elements. Highly preferred are bovine OBPs (bOBPs). 

Exemplary sensing elements may include proteins selected from bactena, perip.asmic ^P££ 
membrane proteins, odorant bmding proteins from mammalian or insect olfactory organs and DNA binding 
proteins. Preferably, the proteins are not lectins and/or preferably the proteins are not anybodies, 
particularly preferred sensing element is the odorant binding protein from cows. 

may not necessary to use the entire protein, instead, it may be possible to use only that fragment, ,f the 
protein which contains the .igand binding site, together with sequences required to maintain the conform,, 
of the binding site if necessary (e.g. if the amino acids that constitute the binding site are brought into 
proximity with each other by protein folding). 

The bioloeical sensing elements are linked to a detectab.e label such that when the sensing elements bind a 
.igand, the* is detectable change in a characteristic of the label, such as a change in a fluorescent property, 
for example intensity, excited state .ifetime, excitation or em.ssion wavelength or polarisat.o, Preferab y 
the label is a fluorescent group with excitation and/or em.ssion wavelength in the optical spectrum (350 
750 nm). More preferably the label shows an increase in emission intensity and/or a shift in emission 
wavelength. 

Examples of fluorescent proteins which vary among themse.ves in excitation and emission maxima are listed 
in Table 1 of WO 97/28261. These (each followed by [excitation max./emission max.] wavelengths 
expressed in nanometers) include wild-type Green Fluorescent Protein [395(475X508] and the cloned mutant 
of Green Fluorescent Protein variants P4 [383/447], P4-3 [381/445], W7 1433(433*7 5 Olfl W 
[43 2 (453)/480], S65T [489/511], P4-. [504(396)/480], S65A [471/504], S65C [479/507], S6.L [ 510, 
Y66F [360/442], Y66W [458/480], 10c [513/527], W1B [432(453)/476(503)], Emerald [487/508] and 
Sapphire [395/51 1], This list is not exhaustive of fluorescent proteins known in the art; additional examples 
are found in the Genbank and SwissProt public databases. 
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Alernatively, fluorophores such as fluorescent dyes may be used. Examples of fluorescent dyes include the 
following non-.imiting list of chemical fluorophores of use in the invention, along with their excitat.on and 
emission wavelengths, as presented in Table 1. 



Table I 

Fluoronhore Excitation 

PKH2 490 

PKH67 490 

Fluorescein (FITC) 495 

Hoechst 33258 360 

R-Phycoerythrin (PE) 488 

Rhodamine (TRITC) 552 

Quantum Red™ 488 

PKH26 551 
Texas Red 596 
Cy3 552 
lodoacetylnitrobenzoxadiazole 482 
Acrylodans 360 



Colour 



green 
green 
green 
blue 

orange-rt 
red 



green 
colourless 



Preferred fluorescent dyes are iodoacetylnitrobenzoxadiazole and acrylodans. 

Fluorophores are preferably linked to the biological sensing elements via a cysteine residue on the biological 
sensing elements. The cysteine residue is introduced by mutagenesis at a positton where the attached dye 
shows a change in its fluorescence properties upon ligand binding. 

In an especially preferred embodiment, the sensing element, are linked to an affinity tag such as a 
hexahistidine or glutatione-S-transferase sequences such that the sensing elements can be easily immobthsed 
on a solid matrix via the affinity tag and its iigand (for example Ni-NTA or glutathione). Where the senstng 
element is a polypeptide, it is particularly preferred that the sensing element is encoded by a poiynucleottde 
which encoded the sensing element linked in frame to an affinity tag present at the C-terminus of the senstng 
element This has the advantage that during mutagenesis procedures, any mutations that result m premature 
termination or frame shifts will lead to sensing elements lacking the C-terminal affinity tag. Such mutant, 
will not then bind to a solid matrix via the relevant ligand and may easily be distinguished from full length 
mutant sensing elements. 

The biological sensing elements used typically have broad specificity and preferably bind to varying extents 
a wide variety of ligands. Preferably, the sensing elements are capable of binding a broad range of 
structurally diverse li.ands. Thus, typically, the sensing elements bind to more than one ligand, by contrast 
to the highly specific elements used in other detector arrays. Although not every sensing element m the array 
need have broad specifictty, it is preferred that substantially all the etements have broad specific.*. Broad 
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specificity may also be understood to reiate to the structura, determents of the ligand(s) to which the 
sensing e.ements bind. A broad specificity sensing element preferably binds a number of hgands. which 
li-nd. mav apparently lack a common structural determinant such as a conserved functional group(s) or 
particular size or shape of molecu.e. which shared features by contrast usually define classes or types of 
Lecules (Hgands) binding to highly specific sensing e.ements used in other arrays. An example ot this 
characteristic mav be found in porcine olfactory binding protein (pOBP). This is an example of. 
polypeptide sensing e,ement useful in the present invention. This protein has broad specificity and as such „ 
I preferred sensing element. Ligands known to b.nd to pOBP inc.ude benzophenone, benzy.benzoate. 
dihydromyrcenol. .BMP. selenazoL thymol and undecanal. Clearly, a comparison ot the chem.ca. structures 
of these diverse compounds i.hstrates the meaning of the term broad specificity. Furthermore, an exemp arv 
character IS tic of the term broad spec.ficity as exp.amed above is the lack of common chem.ca. and/or 
structU ra. features between the vanous Hgands which bind to the broad specificity e.ement. Th.s 
characteristic is c.ear.y demonstrated in the example of P OBP. s,nce other than the most basic statural 
feature of being organ, molecules, there is no common structural determinant between the vanous hgands 
binding pOBP. 

The character of the interaction between ligand and sensing element can be a further or an alternative 
indicator of the broad specificity of the sensing element in that binding to broad specificity e.ements of the 
present invention is not genera.ly of the Mock and key' type associated with for example an enzyme-substrate 
' interaction which often demands a very precise spatiai fit of the ligand (eg substrate) into the element (eg the 
enzyme molecu.e). The mechanism of binding of broad specificity sensing elements of the present inventton 
to the ligands is preferably less rigid, and resembles a dissolution of the ligand into the bmding site rather 
than a fixed three-dimensional co-ordination of particular chemical groups of the hgand. Thus, the 
interaction of ligand with a broad specificity sensing element of the present invention is less likely to be 
absolutely dependent on a particular feature of the sensing element, such as a particular amino add res.due, 
but >s more likely to be affected to a smaller degree by such mutations, for example by a change in binding 
affinity or a change in the profile of ligands to which it will bind, rather than an absolute abolitton (or 
restoration) of binding by a single mutation as can be found in other arrays, for example receptor-Hgand 
interactions. 

A broad specificity sensing element of the present invention is thus less likely to bind its various ligands 
through hydrogen bonding, salt bridges and the like, but is more likely to retain the ligand through energetic 
considerations such as entropy and/or water displacement or via a larger number of weaker bondmg forces 
such as electrostatic forces and/or van-der-waals and/or hydrophobic-hydrophilic style interaction as 
contrasted with, for example the strong hydrogen bonding exhibited by other ligand-sensor interactions. 

A broad specificity sensing element of the present invention is less likely to have a binding site which is 
precisely defined with respect to amino acid residues which may co-ordinate ligand binding, but ,s more 
likely to have a binding site which is less specifically defined, or may be defined geometrically (eg. defined 
as an area or surface or pocket on the polypeptide rather than defined chemically by reference to particular 
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With respect to the var.ety of ligands that each element can bind, it is preferred that at least one of the 
elements or groups of elements, can bind ligands from more than one class of compounds. By classes of 
5 compounds, we mean chemically distinct groups of chemical compounds, such as polypeptides. I.p.ds. 
carbohydrates, aliphatic, aromatic and heterocyclic compounds. 

An advantageous feature of the arrays of the present invention is that the biological sensing elements may be 
organised into eroups (although not necessarily in terms of physical proximity in the array) of related 
1 0 molecules. In particular, the groups comprise biological sensing elements that are variants ot one another. 
Although not every member of the group need be a vanant of one of the other members of the group, tt » 
preferred that substantially all members of the group are variants. 

A group typically comprises at least two members, preferably at least three or four members. Of these, at 
1 5 least one member is a variant of at least one other member. 

The term variant means that a member is derivable from another member. For example, a member may be 
chemically modified to produce another member. The chemical modification will typically result m a change 
in the structure of the biological sens.ng element such that its specificity and/or affinity have been altered. 
20 Variants may be obtained using standard techniques such as chemical modification and/or biological 
mutagenesis techniques. Chemical modification may be effected using reagents known in the an. 

Mutagenesis techniques include site-directed mutagenesis of the ligand binding site or any other part of the 
biologtcal sensing element that results in a structural change affected the binding specificity and/or aff.mty of 
7 5 the vanant Alternative techniques include domain swapping, whereby ustng standard cloning technology, 
sections of an element are replaced with sections from a reiated or undated polypept.de. Mutagenes.s 
includes insertions, deletions and substitutions. Amino acids may be non-naturally occuning amino acids to 
increase the structural diversity. 

30 A particularly preferred method for mutagenising biological sensing elements is to amplify the gene for the 
biological sensing elements by the polymerase chain reaction under conditions where there are random 
mistakes made in the nucleotides being incorparated. The conditions under which such 'enor prone per' 
occurs are well known to those skilled in the art. The mixture of randomly mutated genes is then inserted mto 
an approbate vector, transformed into a host and followed by screening the resulting bacteria or vtruses ustng 

35 standard techniques (such as expression screening or phage display). The polynucleotide encodtng the 
sensing element conveniently also encodes a reporter fusion protein in frame with the sens.ng element 
construct to allow easy identification of the mutagenised proteins over other bacterial/viral proteins. As 
discussed above,the polynucleotide encoding the sensing element comprises a sequence encoding an affm.ty 
tag such that the affinity tag is produced in frame at the C-terminus of the sensing element. 
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Muta-enised proteins may be purified directly from the bacteria/viruses or the polynucleot.de constructs 
obtained and cloned into other suitable vectors/host for expression and purification of the b.olog.cal sensing 



Arrays 



Typicallv. the biological sensing elements are .mmobilised onto or in discrete regions of a solid substrate. 
The substrate mav be porous to allow .mmobilisation within the substrate or substantially non-porous, m 
which case the sensing elements are typically ,mmobilised on the surface of the substrate. The solid substrate 
may be made of any material to which polypeptides can bind, either directly or indirectly. Examples of 
suitable solid substrates include flat glass, silicon wafers, mica, ceramics and organic polymers such as 
plastics, including polystyrene and polymethacrylate. it may also be possible to use sem .-permeable 
membranes such as nitrocellulose or nylon membranes, which are widely available. The semi-permeable 
membranes may be mounted on a more robust solid surface such as glass. The surfaces may opt.onally be 
coated with a layer of metal, such as gold, platinum or other transition metal. A particular example of a 
suitable solid substrate is the commercially available surface modified glass microscope slides (Xenopore 
Inc.). 



• , -a a „ ,^,-fir.n.: This mav be achieved by techniques such as 
The solid substrate is conveniently divided up into sections. 1 nis may oe «»™™ i 

photoetching or by the application of hydrophobic inks, for example teflon-based inks (Cel-line. USA). 

Attachment of the sensing elements to the substrate may be by covalent or non-covalent means. Typically, 
the sensing elements are attached to the substrate via a layer of molecules to which the sensing elements 
bind. For example, the sensing elements may be labelled with biotin and the substrate coated with avidm 
and/or streptavidin. A convenient feature of using biotinylated sensing elements is that the efficiency of 
coupling to the solid substrate can be determined easily. Since the sensing elements may bind only poorly to 
some solid substrates, it is often necessary to provide a chemical interface between the solid substrate (such 
as in the case of glass) and the sensing element. Examples of suitable chemical interfaces include 
or-anofunctional silanes and long-chain thiol alkanes with terminal activatable groups such as term.nal 
carboxylic acid .roups. Another example is the use of polylysine coated glass, the polylysine then being 
chemically modified using standard procedures to introduce an affinity iigand such as nitrilotriacetate (NTA). 
Other methods for attaching molecules to the surfaces of sensor chips by the use of coupling agents are 
known in the art, see for example W098/49557. 

It is desirable to confirm the efficiency of coupling using standard techniques to establish the amount of 
sensing element bound at each cell on the solid substrate. This information may be used to normalise the 
results obtained from various positions in the array. 



WO 01/23890 



PCT/GB00/03768 



C. Assay procedure 

Samples are tested by contacting the sample with the sensor array under specific conditions and then 
measuring the change m the characters of each element of the array. One advantage of the assay of t e 
present invention is that by contrast to other methods, it is not necessary to remove unbound constants by 
washing prior «o making a measurement. This also allows other kinetic (time dependent) or equ.hbnum 
(time independent) measurements to be made 

The conditions under which the sample is contacted with the array may be varied to ach.eve further diversity 
in the specificity and/or affinity characteristics of the sensing elements (for example the use of Afferent P H 
and/or salt concentrations). 

Samples may be in gaseous, liquid or so.id form (or combinations thereof) such as in the form of solid 
samples, gaseous samples extracted from the atmosphere, liquid env.rcnmenta. samples (for example from a 
contaminated site), gaseous b.ologica. samples such as exhaled «r or liquid biological samples such as 
saliva blood, serum, sweat, urine, milk, bone marrow, cerebrospinal fluid, synovia, fiuid. amn.ofc flu.d or 
,ymphatic fluid. Solid samples may be processed in suitable solvent, such as water or organic solvents, to 
produce liquid samples. Solid samples may also be pyrolysed to produce gaseous samples. 

The complete sensor array is typically read by charged coupled device (CCD) camera or confocal imaging 
system. Alternatively, the sensor array may be placed for detection in a suitable apparatus that can move m 
an x . y direction, such as a plate reader. In this way, the change in characteristics for each label.ed sensor 
element can be measured automatical by computer controlled movement of the array to place each d.screte 
element in turn in line with the detection means. 

The detect.cn means are capable of interrogating each sensor element optically or electrically. Examples of 
suitable detection means include CCD cameras or confocal imaging systems. 

The results obtained for a given array with a g.ven sample under given conditions are termed a ■■pattern". The 
30 pattern will generallv be in the form of numerical values for each discrete element, such as m the form of a 
matrix, table or other data array (which may be one, two or three-dimensional. The results obtained may also 
be in a non-numerical form such as a graphical representation (several detection methods such as 
spectrometry give nse to results presented as graphs) but these are preferably capable of being quanUtated to 
provide numerical values. The use of CCD will usually result in an ,mage made up of discrete pixels wuh a 
35 grey-scale or colour intensity for each pixel. The pixel values are numerical data but may be displayed as 
grey-scale or colour images. 

To interpret the pattern, the pattern is subjected to statistical analysis by comparison with a reference 
database The reference database may be generated by analysing samples of known origm, and usually 
40 known constituents, by the method of the invention to produce a pattern for each sample. These are then 
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stored by electronic means to generate a reference library of patterns. The pattern obtained for an unknown 
sample is entered into suitable computer software and a best-fit obtained. The software may also indicate the 
degree of statistical certainty with which the best-fit match has been made and opt.onally set a threshold 
where a sample is rejected as unknown. These techniques are well-known in the art. 

The use of neural net-type software is advantageous since the system can be "trained" to improve its ability 
to discriminate between samples. 



30 



The methods and arrays of the present invention may be used in a variety of different applications, such as 
identifying particular compounds or groups of compounds in a sample. For example, they may be used to 
detect pathogens, such as bacteria, fungi or viruses, in environmental or biological samples. They may be 
used to detect molecules associated with and/or indicative of pathological states. They may also be used to 
detect chemical contamination in environmental samples such as air or water. 

Thus the methods and arrays of the present invention may be used in a variety of industrial, clinical and 
environmental applications. 

The sensor arrays of the present invention may be provided as kits. Such kits will typically comprise at least 
one sensor array and optionally reagents required for standardising reaction conditions, such as buffers. The 
kit may also comprise the detection means and/or analysis software, opt.onally comprising a database of 
reference sample patterns. The kit will also generally comprise instructions for using the kit. 

It is an advantage of the present invention that the fluorescent group is an integral pan of the individual 
sensing components of the array. This allows a more streamlined and/or labour-saving process to be used in 
the analysis, alleviating the need for a fluorescent dying stage to be performed after the ligand binding stage 
of the procedure. 

The present invention will now be illustrated by means of the following examples which are illustrative only 
and not limiting. 



Description of the Figures 

35 Figure 1 is a diagram showing a strategy for producing and using an array of the invention. 

Figure 2 is a graph showing Fluorescence Emission Spectra of immobilised bOBP labeled with acrylodans 
following the addition of thymol or menthol. 
Figure 3 is a bar graph. 
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Example 1 - Generating an array of variants of the maltose binding protein (mbp) 

A nucleotide sequence encoding maltose binding protein imalE gene) is cloned into an expression v 
frame with a C-terminal hexahistidine sequence (6xHis tag). The vector is the commercially ava.lable 
pET^Sb The maiE gene carries the signal peptide sequence to ensure periplasm, express.on. In addmon the 
mbp coding sequence has a mutation (for example at position 337 in the protein sequence) so that the prote.n 
has a cysteine residue. 

Error prone PGR or cassette mutagenesis with mixed mutagenic pnmers is used to produce variants of the 
malE gene using the vector DNA as a template. These methods are well known in the art. 

The mixture of randomly mutated DNA molecules is transformed into a suitable host strain (such as E. coli 
Bin (DE3)) Transformat.on conditions are chosen so that each cell takes up a maximum of one molecule 
of DNA. The cells are then plated onto nutnent agar (containing an antibiotic for selecting only those cells 
which have been transformed) in a Petri dish and left to grow overnight. 

individual colonies are picked and inoculated into the wells of a microtitre plate. The cells are left to grow for 
a few (typically 4) hours and then half the contents of each well transferred to a new m.crotirre plate (the 
•master' plate). Protein expression is induced in one of the plates and the other is stored. 

After a further period of time (typically more than 2 and less than 24 hours) the cells are centrifuged in the 
plates and the supernatant liquid removed. The cells are then osmotically shocked to release the contents of 
the periplasm. The cells are then centrifuged and the supernatant transferred to a new microt.tre plate. 

A fluorescent dye, such as iodoacetylnitrobenzoxad.azoie, is then added to each well of the m.crot.tre plate to 
label the protein via a reaction with a cysteine residue present in the protein. 



A microscope slide coated with poly(lysine) is chemically modified using published procedures to introduce 
30 nitrilotriacetate groups. These are then converted to the n.ckel or copper complex by adding a solution of the 
sulphate salt of the respective metal ion. 

The slide is then washed and the contents of each wel. are then spotted onto the modified microscope slide 
and allowed to react in a humid atmosphere until binding has reached equilibrium. The slide is then washed 
3 5 again and is now ready for use. 

Example 2 - Using an array of fluorescent proteins 

A slide carrying an array of fluorescent proteins as described in Example 1 is mounted in a flow cell such that 
40 solution comprising test compounds can be passed over its surface. 
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Four or more different compounds are tested with the array, either individually or in various combinations. 

To measure the pattern for each compound or combination, the flow cell is placed on the stage of a 
fluorescence microscope so that it is excited by light of a wavelength that causes fluorescence of the dye 
anached to the sensing elements. 

An image of the fluorescent light emitted from the array is collected before and after exposing the slide to a 
sample for analysis. 

0 A comparison of the patterns of fluorescence before and after exposure of the slide to the samples that 
contain only one compound is used to initiate training of a neural net implemented in software. Once the net 
has been trained, the patterns obtained for combinations of compounds are fed into the neural net to 
determine whether the net can discriminate individual compounds present either singly or in a m.xture. 

5 Finally a blind studv is conducted using samples containing var.ous combinations that are not known in 
advance to the tester. The tester feeds the patterns obtained into the neural net software and compares the 
answer provided with the actual known sample composition. 

Example 3- Immobi.isation of Site Specifically Labe.ed Bovine Odorant Binding Protein onto 
>0 Microtitre Plates 

A nucleotide sequence encoding the bovine odorant binding protein (bOBP) and carrymg silent mutations 
that optimise codon usage in the expression host (Escherichia coh) is cloned in to the expression vector 
pE T24a using techniques well known to those skilled in the art. The sequence of the gene is shown as SEQ. 
">5 ID.No.l. 

Mutations are made at positions 36 and 89 in the protein sequence us.ng the technique of polymerase chain 
reaction according to the following method. 

30 1 . Prepare template. The bOBP gene is subcloned in the pBluescnpt vector using standard molecular biology 
techniques well known to those versed in the art. 
This plasmid construct is then used as the template for an inverse PCR. 



2.The pnmer set is designed such that 5' ends of two primers are adjacent to each other. There is no overlap 
35 or gap between the two ends. 

The primers contain the necessary sequence mismatch(es) to introduce one or more base mutations. The 
mutations may be either to introduce a cysteine residue for the purposes of labelling the bOBP with a 
fluorophore or to change residues in the ligand binding site. 

40 3.Using turbo Pfu. according to the manufacturer's instructions, the product of PCR is a linear full-length 
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sequence containing the sequence of pBluescript with the sequence of mutated gene inserted. 
4. The restriction enzyme Dpn 1 is then added to digest the template. 

5 S.The mutated gene is exc.sed from pBluescript and ligated into pET24a using standard molecular biology 
methods well known to those skilled in the art. 

The plasmids carrying the mutant bOBP are transformed into the E.coli strain BL21(DE3) that are then 
arown on a sterile solid medium (LB Agar) containing the antibiotic kanamycin such that only those cells 

10 that have the plasmid in them can grow by virtue of their resistance to this antibiotic. A single colony ., 
picked and cultured in a 25 ml shake flask containing 6 mis of LB broth containing 55ug/ml kanamycin, m 
an incubator (temperature 37°C, shaking speed 220rpm). This primary culture is transferred to a 2500 ml 
flask containing 1000 mis of LB broth containing 50ug/ml kanamycin, in an incubator (temperature 37°C, 
shaking speed 220rpm). Bacterial cells are collected by centrifugation and lysed by the use of a French Press. 

1 5 The clarified supernatant is passed through a n.ckel chelate column (HisBindTM, Qiag e n Inc.) and the bOBP 
eluted with 600 mM imidazole. The purified protein is labeled with acrylodans under the cond.t.ons 
according to the Molecular Probes protocol: bOBP is labeled with a 3: 1 mole ratio of Acrylodans and left at 
room temperature for 30 minutes. 

20 Example 4- Immobilisation of Site Specifically Labeled Binding Proteins onto Microscope Slides 

A nucleotide sequence encoding the bovine odorant binding protein (bOBP) and carrying silent mutations 
that optimise codon usage in the expression host {Escherichia coh) is cloned in to the expression vector 
pET24a using techniques well known to those skilled in the art. The sequence of the gene is shown as 
25 SEQ.ID.No.l. 

Mutations are made at positions 24, 36, 83 and 89 in the protein sequence using the technique of polymerase 
chain reaction according to the method given in Example 3 above. The mutations replace the natural residues 
with cysteine residues at these positions. 



The plasmids carrying the mutant bOBP are transformed into the E.coli strain BL21(DE3) and then grown on 
a sterile solid medium (LB Agar) containing the antibiotic kanamycin such that only those cells which have 
the plasmid in them can grow by virtue of their resistance to this antibiotic. A single colony is picked and 
cultured in a 25 ml shake flask containing 6 mis of LB broth containing 50ug/mi kanamycin, in an incubator 
(temperature 37«C. shaking speed 220rpm). This primary culture is transferred to a 2500 ml flask containing 
1000 mis of LB broth containing 50ug/ml kanamycin, in an incubator (temperature 37°C, shaking speed 
220rpm). Bacterial cells are collected by centrifugation and lysed by the use of a French Press. The clarified 
supernatant is passed through a nickel chelate column (HisBind™, Qiagen Inc.) and the bOBP eluted with 
600 mM imidazole. The purified protein is labeled with acrylodans under the conditions according to the 
Molecular Probes protocol: bOBP is labeled with a 3:1 mole ratio of Acrylodans and left for 30minutes at 
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room temperature. 



Nickel nitrilotriacetate modified microscope slides from Xenopore Inc. are spotted with 5u! spots of solutions 
of bOBP (C36), bOBP (C39), each protein labeled with acrvlodans as set out above. 

Example 5- Screening Site Specific Cysteine Mutants Of Odorant Binding Protein For Ligand 
Dependent Changes in the Fluorescence of an Extrinsic Fluorophore 

A nucleotide sequence encoding the bovine odorant binding protein (bOBP) and carrying silent mutations 
that optimise codon usage in the expression host {Escherichia coli) is cloned in to the expression vector 
pET24a using techniques described in Example 3 above. 

Mutations are made at positions 24. 36, 83 and 89 in the protein sequence using the technique of polymerase 
chain reaction according to the methods described above. These mutations replace the natural res.dues w.th 
cysteine residues at the named positions. 



'hich 



The plasmids carrying the wild type or mutant bOBP are transformed into the E.coli strain BL21(DE3) 
is then grown on a sterile solid medium (LB Agar) containing the antibiotic kanamycin such that only those 
cells that have the plasmid in them can grow by virtue of their resistance to this antibiotic. 

Single colonies are then picked from the solid medium and added to 200ul of sterile LB medium (also 
containing kanamycin, LB K ) in the wells of a 96-well microplate. The plates are incubated at 37° C overnight 
with shaking. 

20ul of this solution are then transferred to a fresh 200ul of LB K also in a m.croplate well. A further 6 wells 
in the same plate are similarly prepared. 

The plate is sealed with a plastic film and placed at 37° C with shaking for 1 hour. The sealing film is 
removed and 1 ul of a 1M solution of (3-isopropyl thiogalactos.de (IPTG) is added to each well, the plate 
resealed and incubated for further 4 hours. 

The sealing film is removed and lOOul of BugBuster™ is then added to each well, the plate is resealed and 
incubated at room temperature for 30 minutes followed by centrifugation for SOmins at 4000rpm. 

The contents of each well are then transferred to individual wells of a 96-well plate, which has been modified 
with nickel nitnlotriacetate groups (MiNTA) (Qiagen). The plate is sealed and incubated at room temperature 
for I hour. Liquid is then aspirated from the wells and each well washed 4 times with phosphate buffered 
saline (PBS). 

After the last wash 200ul of PBS is added to each well followed by 1 ul of a 5mM solution of acrvlodans. 
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The plate is then incubated for 30 minutes and washed 3 times with PBS. The wells are then filled with 200u> 
of PBS and the fluorescence emission spectrum measured for each well with excitat.on at 360nm. 

,ul of a solution of the ligand (9mM thymol, dissolved in dimethyl formamide) is then added into each well 
and the fluorescence emission spectrum again measured with identical instrument settings. 



Spectra for the C24 mutant treated in this fashion are shown in Figure 2 with and without added ligands 
(thymol and menthol, concentrations as above). 

Example 6: Discrimination between different ligands of bOBP with different variants of the protein. 

Four different cysteine mutants of bOBP are made by the method described in Example 3. Each mutant has a 
« residue introduced at a different position (one each of positions 24,36.83.89) and is subsequently 



labelled with acrvlodans as described in Example 3. The labelled mutant proteins are then md.v.dually 
,mmobilised on separate nickel NTA microscope slides as described in Example 4. The slides are then cut 
into pieces and each piece placed in the wells of a 96 well microplate. Each column in the plate corresponds 
to a different variant. In each well one of 4 different samples is added (buffer, menthol, isomenthol, thymol) 
such that each row corresponds to a different sample. The well is then scanned such that the fluorescence 
intensity (Xex 350, Xem 400-600nm) is measured at 9 different positions in each well. The average mtens.ty 
in each is then calculated. 

Figure 3 shows the pattern of intensities for each ligand normalised to the signal in buffer for each protein. 

All publications mentioned in the above specification are herein incorporated by reference. Various 
modifications and variations of the described methods and system of the invention will be apparent to those 
skilled in the an without departing from the scope and spirit of the invention. Although the invennon has 
been described in connection with specific preferred embodiments, it should be understood that the mvent.on 
as claimed should not be unduly limited to such specific embodiments, indeed, various modificattons of the 
described modes for carrying out the invention which are obvious to those skilled in molecular biology or 
related fields are intended to be within the scope of the following claims. 
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1 A method for analysing a sample which method comprises: 

(i) contacting the sample with a detector array comprising a plurality of discrete biological sensing 
elements; wherein each discrete biological sensing element comprises a detectable label whose characteristics 
change detectably when the element b.nds to a ligand within the sample and wherein the biological sensing 
elements are capable of binding more than one different ligand; 

(ii) measuring the characteristics of the detectable label for each element of the array to produce a 
pattern: and 

(iii) performing data analysis of the partem. 

2. A method according to claim 1 wherein the sample is liquid or substantially gaseous. 

3. A method according to claim 1 or 2 wherein the detectable label is a fluorescent label. 

4. A method according to any one of claims 1 to 3 wherein the change in the characteristics of the label 
is detected by optical or electrical means. 

5. A method according to any one of the preceding claims wherein the biological sensing element is a 
protein selected from bacterial periplastic binding proteins, membrane proteins, odorant binding proteins 
from mammalian or insect olfactory organs and DNA binding proteins. 

6. A method according to any one of the preceding claims wherein the ligand(s) comprise volatile 
compounds. 

7. A method according to any one of the preceding claims wherein step (iii) comprises either 
comparing the pattern obtained in step (ii) with a database of patterns from reference samples or forming a 
database of referemce patterns. 

8. A detector array comprising a plurality of discrete biological sensing elements immobilised onto or 
within a solid support wherein each discrete biological sensing element comprises a detectable label whose 
characteristics change detectably when the element binds to a ligand within the sample; and wherein the 
sensing elements are provided in groups, each group comprising a biological sensing element and at least one 
variant of said element, said variant differing from the element in its ligand binding specificity and/or 
affinity. 

9. An array according to claim 8 wherein the biological sensing elements are proteins selected from 
bacterial peripiasmic binding proteins, membrane proteins, odorant binding proteins from mammalian or 
insect olfactory organs and DNA binding proteins. 
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10. An array according to claim 8 or 9 wherein the variant is derived from one of the other biological 
sensing elements by chemical modification. 

11. An array according to claim 8 or 9 wherein the variant is derived from one of the other biological 
sensing elements by mutagenesis. 

1 2. An array according to claim 1 1 wherein the mutagenesis is carried out by site-directed mutagenesis 
of a ligand binding site. 

13. An array according to claim 1 1 wherein the mutagenesis is carried out by replacing a fragment of 
the biological sensing element polypeptide with a different polypeptide fragment. 

14. An array according to claim 11 wherein the mutagenesis is random mutagenesis of the coding 
sequence. 

15. Use of an array according to any one of claims 8 to 13 in a method of detecting bacteria in a liquid 
or substantially gaseous sample. 

16. Use of an array according to any one of claims 8 to 13 in a method of detecting volatile compounds 
in a substantially gaseous sample. 

1 7. A method of fingerprinting a sample comprising determining the activity profile of a sample against 
two or more different entities wherein said entities have a broad specificity binding activity. 

18. A fingerprint obtained by the method of claim 1 7. 

1 9. A sample when analysed either by the method according to claim 1 or any claim dependent thereon 
or by the method according to claim 17. 
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SEQ.ID.No.l 

GGATCCTGGG 
CTTTCAGGAC 
AATCCAGGAG 
ATGATGAAAA 
AAATGGAAGA 
TGTTGCTGAC 
GGACGCATCT 
ACAGAATTGG 
GGAGAAATTC 
TTGTGAATTT 
CATCATCATC 



CGCAAGAGAG 
CATGGAGAAC 
AATGGACCAT 
GGGCACGGTG 
ATGTACATGT 
TATGAGGGTC 
GGTAGCACAT 
CCGGACTGTT 
TGGAAGCTGA 
CTTGGAAAAT 
ATCATCATCA 



AGGAGGAAAG 
AGTGTACATT 
TCAGGACTTA 
GACTTTTACT 
CAAGGCTACA 
AAAACGTTTT 
AACATCAACG 
TGTTAAACTG 
CGGAAGACAA 
GAAAACCATC 
TTAG 



CTGAGCAAAA 
GGGTCGACCA 
CTTCCGTGAA 
TTTCTGTCAA 
AAGCAAGACG 
TAAAATTGTC 
TGGATAAGCA 
AATGTTGAAG 
AGGAATTGAC 
CCCACCCTGA 



TCTCTCAGAG 
ACCCAGAGAA 
CTTGTGTTTG 
GCGGGATGGA 
ATGGTACTTA 
TCTCTGTCGA 
CAGCCAGAAG 
ATGAAGACTT 
AAGAAAAACG 
ACATCATCAT 



100 
150 
200 
250 
300 
350 



121 acttacttcc gtgaacttgt gtttgatgat gaaaagggca cagtggactt ttacttttct 
1 81 gtcaagcggg atggaaaatg gaagaatgta catgtcaagg ctacaaagca agacgatggt 
241 acttatgttg ctgactatga gggtcaaaat gtatttaaaa ttgtctctct gtcgaggacg 



361 ctgtttgtta aactgaatgt tgaagatgaa gacttggaga aattctggaa gctgacggaa 
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Claims Nos.: 17-19 



Present claim 17 relates to an extremely large number of possible 
methods, and contains technical features of extremely broad scope 
("sample", "entities"), these technical features not constituting a set 
of features sufficiently clear to enable the execution of a meaningful 
search. In fact, such a large number of assay methods could fall within 
claim 17 that a lack of clarity within the meaning of Article 6 PCT 
arises to such an extent as to render a meaningful search of the claim 
impossible. 

Present claim 18, formally dependent on claim 17, which is in itself so 
unclear as to preclude the completion of a meaningful search, refers to a 
presentation of information (a "fingerprint"), which, following Rule 39 
(v) PCT, constitutes subject matter which no International Searching 
Authority is required to search, following Article I7(2)(a)(1). 

Present claim 19 refers to any sample analysed by the methods of claims 1 
or 17 or claims dependent on claim 1. Any sample of any kind could in 
principle be analysed by the method of claim 1. Even 1f the search were 
to be restricted to compounds used as analytes in the examples of the 
application, such as menthol, isomenthol and thymol, these are known 
compounds, and cannot be considered as having novelty conferred upon by 
them by virtue of being subjected to a method of analysis. No definition 
of the subject matter for which protection is sought is therefore 
derivable from claim 19 (Article 6 PCT) and it has not been searched. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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